Abstract. Cubic TaN thin films have been selectively deposited on Si(100) substrates in the temperature range of 400 -500 o C by combination of micro-contact printing (μCP) and metalorganic chemical vapour deposition (MOCVD) methods. The patterned Si(100) substrates were initially fabricated with the self-assembled monolayers (SAMs) using an organic molecule of octadecyltrichlorosilane (OTS) by μCP method. Ta(N(MeEt)) 3 (N t Bu) and NH 3 were used for the growth of TaN thin film. For a selective growth study, we characterized the as-grown films with optical microscopy (OM), micro-Raman spectrometer and atomic force microscopy (AFM). In the beginning of film deposition TaN thin film preferred to grow on silicon surface area rather than OTS printed area due to hydrophilicity of silicon surface, however, the selectivity of TaN thin film deposition was depended on the deposition time in the deposition temperature range.
Introduction
TaN has been used in many applications such as a diffusion barrier, precise and stable resistors for intergrated circuits as well as a corrosion-resistance, because of its high hardness and high temperature stability. In the silicon technology, copper has drawn much attention recently as a new interconnecting material for deep submicron integrated circuits as a replacement for aluminum and its alloys. However, Cu is known to diffuse into either Si or SiO 2 layers during processing and this problem is addressed by employing a suitable diffusion barrier layer between the copper overlayer and the silicon substrate. In this direction, TaN has been investigated and found to be promising materials to serve as a diffusion barrier because they can withstand high temperature. As these properties, TaN films have been deposited by several physical and chemical vapor deposition techniques. Among them, MOCVD is known to be one of the powerful methods for stoichiometric thin film deposition. And in order to make micro/nano size structure easily, many research group have chosen a microcontact printing (μCP) method. Up to now, we already have achievements about selective deposition of oxide thin films on OTS SAMs patterned Si(100) substrates using combination of μCP and MOCVD methods [1] .
In this paper, we described the selective growth of TaN thin films deposited on OTS SAMs patterned Si(100) substrates. The aim of the work presented here is to fabricate TaN thin film and patterning of TaN thin film using the metal-organic precursor of Ta(N(MeEt)) 3 (N t Bu).
Experimental
The polydimethylsiloxane [-Si(CH 3 ) 2 O-]n (PDMS) stamps were used for μCP and octadecyltrichlorosilane [CH 3 (CH 2 ) 17 SiCl 3 )] (OTS) SAMs were fabricated according to a previously reported procedure [2] . A solution of OTS in dry hexane was used as the ''ink.'' The OTS solution was applied to the PDMS stamp using a spin coater. Then, the stamp was brought into contact with the Si(100) substrate whose surface contains a native oxide layer. After printing, thin films were deposited on these OTS patterned Si(100) substrates by MOCVD using new metalorganic precursor, [Ta(N(MeEt)) 3 (N t Bu)], and NH 3 gas. The details of the syntheses and characterization of the precursor is reported in the literature [3] .The working pressure was kept in 1 mbar and the depositions were carried out in the temperature of 400-500 °C for 5 min. -20 min. The as-grown films were characterized by x-ray diffraction (XRD), optical microscopy (OM), scanning electron microscopy (SEM), atomic force microscopy (AFM) and micro-Raman spectroscopy. Whether the TaN thin film was able to deposite selectively on the OTS patterned Si(100) substrate or not, AFM and micro-Raman spectroscopy were performed. Figure 3 shows the 3D AFM and height profile of TaN thin film deposited at 500 o C for 5 min. We can see the boundaries between OTS SAMs area and TaN thin film deposited area is very clear and about 150 nm height difference between two regions. Moreover, micro-Raman data shows the obvious evidence of selective growth of TaN thin film on OTS patterned Si(100) substrate. Figure 4 shows the micro-Raman data obtained from the different deposited area; (a) is OTS SASMs area on Si(100) surface and (b) is TaN deposited area on Si(100) surface. There is one broad peak originated from the TaN thin film around 100 -220 cm -1 [5] in Figure  4 AMF and micro-Raman data showed that the TaN thin film was able to deposit selectively on the OTS patterned Si(100) substrate. In other words, the precursors for TaN could make good chemisorption with silicon surface with ease, while they were not able to react with the terminal group of OTS SAMs, that is, site selective deposition of the TaN thin film on the Si(100) substrate was successfully done. However, in our experiment the selective growth of TaN thin film on the OTS patterned Si(100) surface was carried out only within 10 min. deposition time. With increasing the deposition time (15 min -20 min), the height difference between OTS SAMs area and film deposited area was not clear. It means the tendency of selective growth disappeared gradually with increasing deposition time. Figure  5 shows the SEM image of TaN thin film deposited for 15 min. deposition at 500 o C. It shows that TaN thin film was able to deposit on OTS SAMs area as well as the Si(100) surface area. It means that selective growth of TaN thin films were not able to perform at a long deposition time. We can confirm that even though the terminal group of OTS is hydrophobic, it was very difficult to maintain its nature for a long time around 500 o C. The OTS SAMs should change its nature. We can say that in the beginning of deposition, TaN thin film can only grow on the Si(100) surface, but the role of passivation of OTS SAMs was destroyed with increasing the deposition time. Therefore, TaN thin film can grow not only on Si(100) surface but also on OTS SAMs deposited area as the deposition process lasted for 15 min. at 500 o C. 
Results and Discussion

Summary
Selective deposition of cubic TaN thin film was successfully carried out by combination method of μCP and MOCVD. Ta(N(MeEt)) 3 (N t Bu) and NH 3 were used as precursors and film deposition was done at 400 -500 o C. OM, AFM and micro-Raman analyses revealed the possibility of selective growth of TaN thin film on the OTS patterned Si(100) substrate. In this experiment, cubic TaN thin film was able to deposit on Si surface preferentially, because there is difference in wettability between Si(100) surface and OTS SAMs surface. However, the tendency of selective growth disappeared gradually with increasing deposition time in the range of deposition temperature.
